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METHOD AND APPARATUS FOR
MANUFACTURING PLASTIC COUPLINGS

SUMMARY OF THE INVENTION

5

This invention relates to an apparatus for manufactur-

ing plastic couplings from heated thermoplastic blanks,
on opposing mandrels, used for joining two lengths of
plastic pipe together. It is an improvement on the appa-
ratus disclosed in U.S. Pat. No. 4,623,506.

In accordance with my invention, I provide mandrels
with a collapsing nosepiece so that the resultant cou-
pling has a much narrower center shoulder and yet has
the same socket depth for receiving the ends of the
pipes to be joined together. The resultant coupling is
thus shorter than the coupling of U.S. Pat. No.
4,623,506 and requires less plastic material so that it

costs less and weighs less. It also allows the pipe ends,

which it joins together, to be closer together after join-
ing which facilitates wire pulling in the pipe.

DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-sectional view of the prior art appa-
ratus of U.S. Pat. No. 4,623,506 showing the mandrels at
the end of their stroke after having formed a coupling
from a heated blank with a two piece, split die clamped
around the center of the coupling.

FIG. 2 is a cross-sectional view of a single mandrel
with a collapsing nosepiece of the present invention.

FIG. 3 is a cross-sectional view of portions of the
single mandrel of FIG. 2 showing the relationship of the
various parts of the mandrel to the blank at the begin-
ning of the process. - -

FIG. 4 is a cross-sectional view of two opposing

mandrels engaging a heated thermoplastic blank be-
tween them as they expand the blank. |

FIG. 5 1s a cross-sectional view similar to FIG. 3
showing the two opposing mandrels approaching each
other and further expanding the blank.

FIG. 6 is a cross-sectional view showing the two
opposing mandrels at the end of their stroke with the
faces of their center sections touching, with the blank
fully expanded, and with the nosepieces collapsed.
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FIG. 7 is a cross-sectional view similar to FIG. 6 with -

the split die clamped around the middle section of the
blank to form an outside groove and inside ridge in the
- expanded blank.
FIG. 8 is a cross-sectional view of a prior art coupling
 formed by U.S. Pat. No. 4,623,506.

F1G. 9 is a cross-sectional view of a coupling formed
by the present invention.

{

DETAILED DESCRIPTION OF THE
INVENTION

The couplings of the present invention may be made
from various types of thermoplastic resins such as poly-
vinyl chloride (PVC) and acrylonitrile butadiene-sty-
rene (ABS) resins. They are used to join the ends of two
pipes or conduits of similar resins together. The ends of
the pipes are inserted into sockets in the coupling and
solvent cemented or otherwise attached to the cou-
pling. The pipes are used in construction as conduits for
electric wires or as pipes to conduct water or for many
other uses as is well known in the art.

Prior to the invention of my U.S. Pat. No. 4,623,506,
couplings of this type were injection molded from PVC
or ABS resin. In that patent, we disclosed how to form
couplings from heated thermoplastic blanks on oppos-
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2

ing mandrels instead of making them by an injection
molding process. The present invention is an improve-
ment on the apparatus of U.S. Pat. No. 4.623,506.

FIG. 1 1s a cross-sectional view of two of the man-

drels 1and 1’ of U.S. Pat. No. 4,623,506 at the end of the
inward stroke. The right hand mandrel 1 has a shoulder
2 and a conical nose portion 3 which engages the heated
thermoplastic blank 4 and expands it as it moves in-
wardly toward the other mandrel. There is a nipple 5 in
the center of the face 6 of the right hand mandrel which
fits into a socket 7 in the face 8 of the left hand mandrel
1'. The mandrel is water cooled with water circulating
in the space 9 between the outer mandrel section 10 and
inner mandrel cylinder 11. The left hand mandrel] 1’ is
constructed like the right hand mandrel 1 except for the
socket 7 in the face 8.
- In FIG. 1, the heated blank 4 has been expanded and
formed into a coupling. The split die 12 is clamped
around the middle of the blank 4 to form a circumferen-
tial groove 13 in its outer surface 14 and a circumferen-
tial shoulder or stop 15 in its inner surface 16. The prior
art coupling 20 thus formed is shown in FIG. 8.

The mandrel 17 of the present invention is shown in
FIG. 2. It comprises an outer cylindrical member or
shell 21 which is mounted on the mandrel body 22 and
1s made up of a thin walled section 23 and a thick walled
section 24. The thin walled section 23 of the outer mem-
ber 21 extends away from the mandrel body 22 toward
the blank and opposing mandrel 17’ (FIG..3), and the
thick walled section 24 of the outer member is mounted
on the mandrel body 22. The thin walled section 23 has
an angled leading edge or wedge portion 25 to engage
the heated blank 26 after it has been expanded by the
nosepiece 28, slip inside of its inside diameter, and con-
tinue with the process of the expansion of the blank.
The angle of the leading edge 25 is about 45° sloping
inwardly so that the edge can slip under the blank 26 as
shown in FIG. 4. The blank 26 is heated to the thermo-
piastic point for the resin so that it can be permanently
deformed. The junction between the thick walled sec-
tion 24 and thin walled section 23 of the outer member
21 forms a shoulder 27 which engages the blank 26 and
centers 1t as 1t 1s being expanded. The outer member 21
1s preferably machined from one piece of aluminum so
that i1t has good heat transfer and conductivity with the
mandrel body 22. It is chrome plated to prevent wear
and reduce friction.

The elements of the mandrel 17 inside the outer mem-
ber 21 comprise a steel nosepiece 28 which collapses
axially toward the mandrel body 22 inside of the thin
walled section 23 of the aluminum outer mandrel mem-
ber 21 and a steel facepiece 29 which is threaded onto a
shaft 30 which is mounted in the mandrel body 22. The
outer edge portion 31 of the nosepiece 28 is tapered
inwardly at approximately the same 45° angle as the
leading edge 25 of the outer shell 21. Four springs 32
hold the nosepiece 28 out away from a block 33 which
in turn is mounted on the shaft 30. An “O” ring 34
effects a seal between the block 33 and the outer mem-
ber 21. A gasket 35 effects a seal between the block 33
and the mandrel body 22 in cooperation with the outer
member 21 as shown. The mandrel 17 is water cooled.
Water enters through a port 36 and leaves through a
port 37. The mandrel body 22 should be made of alumi-

num to facilitate the conduction of heat from the outer

member 21. The inside surface 48 of the thick walled

'section 24 of the outer member 21 has a close press fit
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with the outside surface 49 of the mandrel body 22 so as
to facilitate this heat transfer. With the arrangement

shown, the cycle times for manufacturing product are

about the same as with the apparatus of U.S. Pat. No.
4,623,506.

The left and right hand mandrels 17 and 17’ (FIGS.
4-7) are identical except for the facepieces 29 and 29’,

respectfully. The facepiece 29 of the left hand mandrel

17 has a nipple 38 in its face 39 which fits into a socket
40 in the face 41 of the right hand mandrel facepiece 29’
The nipple 38 lines up the mandrels 17 and 17 as the
forming stroke finishes its inward motion.

As shown in FIG. 3, the end 51 of the blank 26 at its
inside diameter 52 should contact the beveled outer
edge portion 31 of the nosepiece 28 at the beginning of
the forming process for expanding the blank. The
springs 32 have to be strong enough keep the nosepiece
in contact with the blank until the leading edge 25 of the
thin walled section 23 of the outer member 21 has en-
gaged the inside diameter 42 of the blank as shown in
FIG. 4.

The outer diameter 53 of the blank 26 is about the
same as the outer diameter 54 of the thin walled section
23 of the outer member 21. This is because the blanks
are made from lengths of the pipe to be coupled to-
gether and the outside diameter of the pipe has to fit
into the socket formed in the coupling.

In my process, the blank length shortens as the blank
1s expanded and the thickness tends to stay about the
same. The relationships are such that if the thickness of
the thin walled section 23 was enough to permit it to
enter into the blank 26 without contacting the nosepiece
28, then the central shoulder of the resultant coupling
would tend to be too large and the purpose of the inven-
tion would not be achieved. There would be no func-

tion for the collapsing nosepiece. The wall thickness of

the thin walled section 23 should be less than the wall
thickness of the blank 26 and the outside diameters
should be substantially the same.
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The operation of the mandrels 17 and 17’ is shown in 40

FIGS. 4-7. In FIG. 4, the heated blank 26 is shown as
the leading edges 25 and 25’ of the outer members 21
and 21’ of the opposing mandrels engage it and begin to
come together to expand it with the leading edges 25
and 25 projecting inside of the inner diameter surface
42 of the blank 26. In FIG. 5, the operation is about half
compieted. In FIG. 6, the mandrels have come together
and the faces 39 and 41 of the facepieces 29 and 29’
touch and abut each other and stop the inward motion

or stroke of the mandrels. The nipple 38 of the facepiece
29 has entered the socket 40 in face 41 of facepiece 29'.

The nosepieces 28 and 28’ have collapsed against their
springs 32 and 32’ into the outer shells 21 and 21'.

435

50

The stroke of the mandrels 17 and 17’ is stopped by |

the facepieces 29 and 29'. These facepieces are made of
steel. The facepieces 29 and 29’ are screwed onto the
shafts 30 and 30°. This provides the means whereby
their touching or contact can be adjusted and controlled
as necessary. The objective is to have the leading edges

25 and 25" of the outer members 21 and 21’ almost but

not quite touch or abut each other so that the middle

33

section, or shoulder, of the coupling being formed hasa

very narrow ridge and groove. The thin walled sections
23 and 23’ of the outer members 21 and 21’ should be as
thin as possible so as to minimize the width of the mid-
dle section of the coupling. I have found that outer
members 21 and 21’ work well when the thin walled
sections 23 and 23’ are only about 0.125 inch thick. This

65

4
s thick enough to provide for rapid cooling and strong
enough so as not to collapse from pressure from the
shrinking action of the expanded thermoplastic blank.
Cooling water continuously circulates through the
mandre!l bodies thus cooling the outer member 21 and
the heated blanks. It is thin enough to allow the beveled
ends 25 and 2§’ to nearly join together and provide the
narrowest possible gap which forms the coupling shoul-
der. Each of the facepiece 29 and 29’ has a collar por-
tion 48 (FIG. 6) which fits inside of a socket 49 and 49’
formed in the nosepiece 28 and 28’ to provide the means
to hold the nosepiece in place.

The various parts of the mandrels 17 and 17’ are
circular in cross-section because the couplings being
formed are circular in cross-section. The outer diameter
23 of the outer member 21 corresponds to the outer
diameter of the pipe to be joined together by the cou-
phing. If 1t 1s a 4" coupling for 4" pipe, then the outer
diameter of the section 23 of the outer member 21
should be about 44". A 4" pipe means that the inner
diameter is 4" and the outer diameter is about 43" . The
mandrels do have a taper with the base of the mandrel
being slighter larger in diameter than the end with the
nosepiece. This provides for a taper in the finished
product which is desirable to compensate for variations
In pipe diameter while providing an interference fit
which 1s desirable for solvent joining.

The blank 26 is centered between the mandrels by the
shoulders 27 and 27’ of the outer members 21 and 21'.
The distance between the shoulders 27 and 27’ deter-
mines the length of the coupling being formed.

F1G. 7 shows the last stage of the process. A piloted
split die 45 clamps over the middle section of the blank
26 and forms a groove 46 in the outer surface 43 of the
blank and a shoulder or stop 47 in the inner surface 42
of the blank.

Finally, ending the forming process, the mandrels 17
and 17" are withdrawn while the split die 45 acts as a

striper and holds the blank 26. After the mandrels have .-

withdrawn, the split die opens up and the coupling 50
thus formed is dropped into a bath of cooling water
where the cooling process is finished.

The means for moving the mandrels toward and
away from each other are preferably hydraulic cylin-
ders with pistons which connect to the bodies 22 and 22
of the mandrels. The split die 45 is programmed and
co-ordinated with the movement of the mandrels to
grasp and hold the blank as described. The movement
of the split lies is via hydraulic cylinders mounted per-
pendicular to the cylinders on which the mandrels are
mounted. The split dies have a provision for mounting
engraved print dies in them which press against the
outside surface of the heated blank. The print die em-
bosses useful information such as size of the coupling,
company name and specification information.

The coupling 50 is shown in FIG. 9. This coupling
has a narrower groove and shoulder section compared
to the prior art coupling 20. This length C of the cou-
pling 50 of my invention is less than the length B of the
prior art coupling 20. The wall thickness is the same.
The socket depth A for each coupling is the same and
thus the socket for recewmg the ends of the p:pe or
conduit, shown in phantom in FIGS. 8 and 9, is the
same for both couplings. The taper of the inside diame-
ter of the sockets is the same.

Comparing the couplings, the shoulder or stop 15 of
the prior art coupling 20 is much wider than the shoul-
der 47 of the coupling 50 of my invention. Likewise, the
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groove 13 of the prior art coupling 20 is deeper and |
wider than the groove 46 of the coupling 50 of my
Invention.

As shown in phantom in FIGS 8 and 9, the ends of
the pipe abut against the ridges or stops 13 and 47 and S
extend the same distance into the coupling, however the
ends are closer to each other when bottomed out on the
shoulder of the new coupling which facilitates pulling
wires through the pipe when used as a conduit.

The Table I below gives some idea of the advantages 10
of the present invention. In the table, the weights and
lengths for the prior art and new couplings made of
PVC resin for the same sizes are compared.

TABLE I s

Size
(Nominal Inside Length Weight
Diameter of Conduit) (In Inches) (In Pounds)
m-m_%_ .
2" old 31 187
new 23 151
old 4 367
new 371/16 315
¥’ old 43 525
new 33 465
old 43 685
new 4 576
4" old 4 13/16 823
new 4} - .729
5" old 5% 1.33
new 51 1.218
6" old 6 1.8
new 5% 1.61

23 20

1"
25

30

In general, there is a weight saving of at least about
ten percent. In the above table, “0ld” means the prior
art coupling of FIG. 8 and “new” means the coupling of
FIG. 9.

In order to make a four inch coupling by the old
process, the blank had to be 4 13/16 inches long. In
order to make a four inch coupling by the new process,
the blank needs to be only 41 long. In each case, the
coupling has a 2 inch long tapered socket on each end to
receive  the ends of the conduit being joined together.
The thickness is substantially the same.

Alr 1s not trapped between the inner surface of the
blank and the face of the opposing mandrels as they
come together because the mandrels are a three piece
assembly instead of one piece as in FIG. 1 and the air
can readily escape. Some air pressure does build up, but
not too much.

Because the outer shell 21 is made of aluminum, it
conducts enough heat from the blank to enable the
mandrels to operate at cycles approximately the same as
those of U.S. Pat. No. 4,623,506. |

The features of the present invention are thus a man- .
drel 17 with an outer member 21 with a thin walled
section 23 with a tapered leading edge 25 to slide under
the heated blank after initial expansion by the nosepiece
28, a collapsing inner nosepiece 28 with a tapered outer
edge portion 31 corresponding in taper angle of the
leading edge 25 of the outer member, a fixed facepiece
29 which limits the stroke of the mandrel and restrains
or holds the noseplece 28, and means such as springs 32
to keep the nosepiece out away from the mandrel body
until the end of the stroke. .

This patent is not to be limited in scope and effect to
the specific embodiment herein shown or in any other
way which is inconsistent with the extent to which the

progress of the art has been advanced.
What is claimed is:
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6

1. A method of forming couplings for joining two
lengths of pipe together comprising the steps of:

cutting extruded thermoplastic pipe into blanks of
appropriate length and heating the blanks to the
thermoplastic state:

disposing one of the blanks between two mandrels
having substantially the same outer diameter as the
outer diameter of the lengths of pipe to be coupled
together;

bringing the mandrels together in an inward stroke at
a relatively uniform force and rate to cause inner
nosepiece portions of the mandrels to first contact
the ends of the blanks and begin to expand the ends
of the blank and then to cause the inner nose piece
portions to collapse inside of outer thin walled
sections of outer members of the mandrel which
continue to expand the blank at the end of the
inward stroke; |

capturing the blank in a split die to form a circumfer-
ential shoulder in the inner surface of the blank:

withdrawing the mandrels in an outward stroke while
the split die holds the blank thus formed; and

re]easmg the blank from the split die and dmpplng it
into a bath of cooling water.

2. A mandre] assembly for the manufacture of plastic
couplings from heated thermoplastic blanks in a form-
Ing process comprising:

two opposing mandrels;

means for moving the mandrels together and apart
from each other; '

a split die for grasping the middle of an eXpanded
heated blank when the mandrels are together and
forming a circumferential groove in the outer sur-
face of the blank and a circumferential rib in the
inner surface of the blank:

each mandrel having
a. a body,

b. an outer member with a thin walled section hav-

ing an inwardly beveled leading edge adapted to -

expand the blank to a desired inner diameter, said
thin walled section terminating in a shoulder for
centering the blank on the mandrel, said outer
member being mounted on the mandre! body,

C. a nosepiece inside the thin walled section of the
outer member which has a beveled edge portion
for engaging the blank at the begmmng of the
inward stroke,

d. a central inner facepiece inside of the nosepiece
which abuts and stops against a central facepiece
of the other mandrel at the end of the inward
stroke: and

e..means to hold the nosepiece outwardly from the
mandrel body when it first engages the blank and
to permit 1t to collapse toward the mandrel body
at the end of the inward stroke.

3. The mandrel assembly of claim 2 in which the
outer member 1s made of aluminum and the mandrel
body has water cooling means which cools the thin
walled section of the outer member.

4. The mandrel assembly of claim 2 in which the
outer diameter of the thin walled section of the outer
member 1s substantially the same as the outer diameter
of the blank being formed and the thickness of the wall
of the blank being formed is greater than the thickness
of the wall of the thin walled section of the outer mem-
ber.

3. The mandrel assembly of claim 2 in which a face- -
piece is screwed onto a shaft mounted on the mandrel
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body wherein said faceplate is adjustable to prevent the

beveled edge portions from contacting each other at the

end of the inward stroke but permit them to come very
close to each other.

6. The mandrel assembly of claim 2, in which the
means to hold the nosepiece outwardly from the man-
drel body comprises springs which are disposed be-

8

tween the block which is mounted in said outer member
and the backside of the nosepiece. -

7. The mandrel assembly of claim 2 in which the
angles of the beveled leading edges of the thin walled
section of the outer members and the angles of the bey-
eled edge portions of the nosepieces are substantially

the same.
X X x ¥ %
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